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SUMMARY

Introduction: Long COVID affects millions of individuals
worldwide with a wide range of persistent symptoms.
Pathogenesis, prevalence and clinical approach of this syn-
drome remain not well characterized.

The aim of the study is the estimation of prevalence of long-
COVID and identification of possible risk factors.

Patients and Methods: This is an observational prospective
study including COVID-19 patients hospitalized at the De-
partment of Infectious Diseases of the University General
Hospital of Alexandroupolis (Greece). Eligible COVID-19
patients were interviewed and examined 6, 12 and 18
months after COVID-19 symptoms onset and hospital dis-
charge in order to evaluate the prevalence and consequenc-
es of long-COVID symptoms.

Results: A total number of 995 patients were included. The

B INTRODUCTION

As of December, 2023, more than 770 million
confirmed cases of the coronavirus disease
2019 (COVID-19) have been reported, caused by
the severe acute respiratory syndrome-coronavi-
rus 2 (SARS-CoV-2) [1]. Although the SARS-CoV-
2-infection causes mild symptoms to the majority
of infected patients, a small portion can progress to
severe COVID-19 or acute respiratory distress syn-
drome, especially in patients with comorbidities
such as cardiovascular disease, obesity, diabetes
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median age at discharge was 55 years and 53% of patients
were retired. The majority was males (57%). Vaccination
against SARS-CoV-2 was completed in 52% (n=517) COV-
ID-19 patients. More than 40% of COVID-19 patients had at
least one symptom at 18 months after hospitalization. Intra-
venous antiviral treatment with remdesivir and complete
vaccination status were found to lead to lower rates of
Long-COVID.

Conclusions: More studies in larger patient cohorts are need-
ed in order to identify the underlying biological mecha-
nisms of long-COVID and create effective interventions for
prevention and treatment.

Keywords: SARS-CoV-2, COVID-19, Long-COVID.

mellitus, malignancies, immunosuppression and
chronic renal disease [2]. The vaccination and effi-
cient orally or intravenously administered antivi-
ral agents were managed to limit the severity of
acute illness leading to lower probability of intuba-
tion, prolonged hospitalization and severe clinical
outcome [3,4]. However, a considerable number of
patients may experience persistent symptoms over
weeks, months and even years, including general
tiredness, muscle pain, difficulties of breathing,
tingling extremities or chest pain after the acute
phase of COVID-19 disease, a condition character-
ized as long COVID-19 syndrome [5]. In 2021, a
WHO working group put in place a Delphi con-
sensus definition of long COVID as a condition
that occurs in individuals with a history of proba-
ble or confirmed SARS-CoV-2 infection, usually 3
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months from the onset of COVID-19, with symp-
toms that last for at least 2 months and cannot be
explained by an alternative diagnosis [6]. UK Na-
tional Institute for Health and Care Excellence
(NICE) defined Long COVID as a multisystem
condition with a range of debilitating symptoms
continuing or developing after acute COVID-19
for more than 4 weeks without any alternative di-
agnosis [7]. This definition includes both ongoing
symptomatic COVID-19 (from 4 to 12 weeks) and
post-COVID-19 syndrome (12 weeks or more) [7].
The estimation of the incidence rate of long COV-
ID-19 syndrome is difficult due to the use of differ-
ent methodologies and definitions [6]. In pub-
lished studies, the frequency of long COVID-19
varies from below 10% to around 60% [8-11]. A
Scottish population cohort of 33,281 laboratory-
confirmed SARS-CoV-2 infections was followed
up via 6,12 and 18-month questionnaires and link-
age to hospitalization and death records [10]. Of
the 31,486 symptomatic infections, 1,856 (6%) had
not recovered and 13,350 (42%) only partially [10].
Previous symptomatic infection was associated
with poorer quality of life, impairment across all
daily activities and several persistent symptoms
including breathlessness (OR 3.43, 95% CI 3.29-
3.58), palpitations (OR 2.51, OR 2.36-2.66), chest
pain (OR 2.09, 95% CI 1.96-2.23), and confusion
(OR 2.92, 95% CI 2.78-3.07) [10]. A systematic lit-
erature search including 194 studies and 735,006
participants has documented that 45% of COV-
ID-19 survivors, regardless of hospitalisation sta-
tus, were experiencing a range of unresolved
symptoms at ~4 months [11]. Although the rates of
complete vaccination status are high and the pre-
sentations of acute infection are milder during re-
cent variant waves, the cumulative burden of long
COVID remains significant and increasing [6].

The primary objectives of the present study are to
evaluate the quality of health, the functional status
and the prevalence of Long COVID symptoms in
COVID-19 survivors hospitalized in the Depart-
ment of Infectious Diseases of University General
Hospital Alexandroupolis (Greece) up to almost 2
years after acute infection. The exact number of
people living with Long COVID worldwide re-
mains unknown and thus, reports of real-world
data are significant to underline the impact of the
syndrome on the quality of health and life. Long
COVID-19 syndrome has been characterized as a
fourth phase of SARS-CoV-2 infection and under-

standing the prevalence and clinical manifesta-
tions of this new medical condition is vital for a
holistic, multidisciplinary and patient centered ap-
proach [12].

B PATIENTS AND METHODS

This is an observational cohort study conducted in
the Department of Infectious Diseases of the Uni-
versity General Hospital of Alexandroupolis
(Greece). COVID-19 patients hospitalized with
COVID-19 pneumonia from 1st January 2021 to
31st May 2022 were included in the study after
written informed consent. The study was carried
out in accordance with the Helsinki Declaration of
Human Rights. COVID-19 patients who died be-
fore the follow-up visits, living in a nursing or
welfare home and had difficulty completing the
visits due to mental disorders or dementia were
excluded.

Eligible COVID-19 patients were interviewed and
examined 6, 12 and 18 months after COVID-19
symptoms onset and hospital discharge at the out-
patient clinic of our department. Demographic
characteristics, comorbidities, data of hospitaliza-
tion (oxygen therapy, intubation, duration of hos-
pitalization, antiviral treatment) during acute ill-
ness and long-term health consequences were re-
trieved from electronic medical records. As acute
phase was defined the period between symptoms
onset and hospital discharge. The vaccination sta-
tus during acute phase was reported and assessed
according to National Guidelines of National Pub-
lic Health Organisation during the period 2021-
2022 (complete vaccination scheme and one boost-
er dose) [13]. They were categorised into three
groups based on severity of symptoms during the
actute infection (scale 3: not requiring supplemen-
tal oxygen; scale 4: requiring supplemental oxy-
gen; scale 5-6: requiring high-flow nasal cannula,
non-invasive mechanical ventilation, or invasive
mechanical ventilation) [14]. Blood samples were
collected at each visit to evaluate the white blood
cell count, platelets count, haemoglobin and hae-
matocrit values, liver function, blood glucose lev-
els, renal function, lipid profile and cytokines lev-
els. Chest computed tomography was conducted
at each visit in order to assess the progress of le-
sions due to COVID-19 pneumonia. The exercise
capacity was evaluated by the 6-minute walking
test (6MWD). Lung function parameters including
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forced expiratory volume in one 1 second (FEV1),
forced vital capacity (FVC), total lung capacity
(TLC), functional residual capacity (FRC), residual
volume (RV), and diffusion capacity for carbon
monoxide (DLCO) were measured at first and last
visit in authorised Pulmonology outpatient clinics.
The quality of sleep was evaluated with the ques-
tionnaires Fatigue Severity Scale (FSS), Sleep Qual-
ity Scale (MOS) and Epworth Sleepiness scale
(ESS), while the prevalence of psychological symp-
toms with the Hospital Anxiety and Depression
Scale (HADS). These questionnaires are validated
to the Greek population [15-18]. All patients were
questioned at all visits about symptoms such as
fatigue, muscle weakness, sleep difficulties, hair
loss, smell disorder, palpitations, joint pain, taste
disorder, dizziness, nausea, vomiting, chest pain,
sore throat, swallow difficulties, skin rash, myal-
gia, headache and persistent cough. These symp-
toms were attributed to long-COVID if there was
no alternative diagnosis during the diagnostic pro-
cess and medical assessment. Cardiovascular
events and possible hospitalizations due to possi-
ble long-COVID symptoms during the study pe-
riod were recorded. Work status was also docu-
mented. Symptoms newly occurring and persis-
tent after acute infection, which cannot be ex-
plained by an alternative disease, were character-
ized as sequelae symptoms. COVID-19 partici-
pants with at least one sequelae symptom at fol-
low-up visits were defined as patients with long-
COVID symptoms.

The primary outcomes were the sequelae symp-
toms existing at follow-up visits without any alter-
native diagnosis, the exercise capacity assessed by
6MWD, and return to work. The secondary out-
comes were lung function, imaging (Chest CT),
cardiovascular events and hospitalizations after
discharge. Statistical analysis of the data was per-
formed using the IBM Statistical Package for the
Social Sciences (SPSS), version 19.0 (IBM Corp.,
Armonk, NY, USA). The normality of quantitative
variables was tested using the Kolmogorov—
Smirnov test. Normally, distributed quantitative
variables were expressed as the mean + standard
deviation (SD), whereas non-normally distributed
quantitative variables are expressed as the median
value and range. Qualitative variables were ex-
pressed as absolute and relative (%) frequencies.
Student’s t-test, the Mann-Whitney U test and the
chi-square test were used to determine differences

in demographic and clinical characteristics. All
tests were two-tailed and p values <0.05 were con-
sidered statistically significant.

B RESULTS

A total number of 995 patients hospitalized with
confirmed COVID-19 disease during the period 1st
January 2021 to 31st May 2022 at the Department
of Infectious Diseases of the University General
Hospital of Alexandroupolis (Greece) were eligible
and included in the study (Figure 1). The median
age at discharge was 55 years and 53% of patients
were retired. The majority was males (57%). Vac-
cination against SARS-CoV-2 was completed
based on National Guidelines in 52% (n=517) of
COVID-19 patients when infected. The most fre-
quent comorbidities were hypertension (35%), dia-
betes mellitus (16%) and coronary heart disease
(11%). Three groups were created based on the se-
verity of COVID-19 symptoms during acute phase
of infection [14]. No supplemental oxygen was re-
quired for 206 patients (scale 3), while oxygen ther-
apy was needed for 611 patients (scale 4). Severe
clinical progress requiring high-flow nasal cannu-
la, non-invasive mechanical ventilation, or inva-
sive mechanical ventilation was reported in 178
patients (scale 5-6). Demographic and clinical
characteristics of COVID-19 patients are shown in
Table 1. The major treatment received during hos-
pitalization was antimicrobial and antiviral agents.
Among patients with severe clinical progress (scale
5-6) the administration of intravenous corticoste-
roids and immunomodulators was high, 76% and
94% respectively (Table 2).

More than 40% of COVID-19 patients had at least
one symptom at 18 months after hospitalization
(scale 3: 43%, scale 4: 48%, scale 5-6: 49%) (Table 3,
Figure 2). The most frequent reported symptoms
were fatigue, muscle or joints pains, symptoms of
depression and sleep disorders such as insomnia
or restless leg syndrome (Figure 2). Other common
symptoms without associated alternative diagno-
sis were palpitations, brain fog, hair loss, skin rash-
es and chest pain (Figure 2). Chest computed to-
mography abnormalities remained in approxi-
mately 60% of COVID-19 patients on scale 5-6 at 18
months. The most frequent findings were the
ground glass opacity, the reticular pattern, the con-
solidations and the interlobular septal thickenings.
Although the median 6MWD was lower for pa-
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Scale 3 (n=206)
not requiring
supplemental oxygen

Scale 3 (n=99)

Scale 3 (n=89)

Scale 3 (n=8)

1357 Hospitalized Patients in the Department of Infectious Diseases
between 1stJanuary 2021and 31stMay 2022

253 patients excluded

= 225 couldn’t attend the follow-up visits
= 28 died before the 6-month follow-up

= 6died beforethe 12-month follow-up

= 59 didn’t attend the follow-up visit
* 9died beforethe 18-month follow-up

scale 4 (n=318)

scale 4 (n=293)

1104 Patients evaluated at 6-months follow-up visit
l =  35didn’t attend the follow-up visit

1063 Patients evaluated at 12-months follow-up visit

995 Patients evaluatedat 18-months follow-up visit
(completed three visits, included in the analysis)

scale 4 (n=611) ) §ulo 5-6 (n=178)
requiring requiring high-flow nasal cannula, non-
supplemental oxygen invasive mechanical ventilation, or
invasive mechanical ventilation

Complete Vaccination (1 booster dose ) Status 52% (n=517)
scale 5-6 (n=95)

Long-COVID symptoms at 18 months (At least one symptom)
scale 5-6 (n=87)

Clinical outcome at 18 months (Deaths)

scale 4 (n=60)

scale 5-6 (n=27)

Figure 1

Table 1 - Demographic and clinical characteristics of COVID-19 patients.

Flowchart of the study.

Total (n=995)

Scale 3 (n=206)

Scale 4 (n=611)

Scale 5-6 (n=178)

ﬁiﬁf:fﬁifﬁ%g?ars 55 (44-67) 54 (44-67) 56 (43-66) 56 (46-67)
Gender n, (%)

Males 567, (57%) 111, (54%) 367, (60%) 107, (60%)
Females 428, (43%) 95, (46%) 244, (40%) 71, (40%)
Education status n, (%)

College or higher 308, (31%) 58, (28%) 147, (24%) 59, (33%)
Highschool or lower 687, (69%) 148, (72%) 464, (76%) 119, (67%)
Work (before illness) n, (%)

Retired 527, (53%) 115, (56%) 336, (55%) 102, (57%)
Full-/Part-time job 448, (45%) 82, (40%) 269, (44%) 73, (41%)
Unemployed 20, (2%) 6, (3%) 6, (1%) 3, (2%)
Student 0% 3,1% 0% 0%

Continue >>>
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Total (n=995) Scale 3 (n=206) Scale 4 (n=611) Scale 5-6 (n=178)

Smoking n, (%)
No 667, (67%) 134, (65%) 415, (68%) 126, (71%)

Yes 229, (23%) 49, (24%) 134, (22%) 32, (18%)
Ex-smoker 99, (10%) 23, (11%) 62, (10%) 20, (11%)
Comorbidities n, %)

Hypertension 348, (35%) 68, (33%) 220, (36%) 62, (35%)
Diabetes Mellitus 159, (16%) 35, (17%) 116, (19%) 37, (21%)
Coronary heart disease 110, (11%) 19, (9%) 67, (11%) 21, (12%)
Cerebrovascular disease 70, (7%) 16, (8%) 43, (7%) 12, (7%)
Chronic Renal Failure 40, (4%) 6, (3%) 18, (3%) 7, (4%)
Malignancies 48, (5%) 8, (4%) 24, (4%) 11, (6%)
Pulmonary disease 30, (3%) 4, (2%) 18, (3%) 7, (4%)

Table 2 - Hospitalization data during acute phase of COVID-19 disease.
Total Scale 3 Scale 4 Scale 5-6
(995) (206) (611) (188)

Treatment during hospitalization

Corticosteroids, n (%) 259, (26%) 21, (10%) 134, (22%) 135, (76%)
Antiviral agents, n (%) 527, (53%) 103, (50%) 312, (51%) 93, (52%)
Antimicrobial agents, n (%) 657, (66%) 117, (57%) 507, (83%) 167, (94%)
Immunomodulators, n (%) 209, (21%) 19, (9%) 39, (19%) 105, (59%)
Bii:ﬁr;glfu}:)(slg}?)l stay, days, 8(628) | 10(8-32) | 15(13-37) | 34(21-54)
Intubation, n (%) 40, (4%) 0 110, (18%) 57, (32%)
ﬁigﬁigﬁfg&gfl’“al stay, days 13 (5-28) - 6(2-16) | 21(10-39)
Days from symptoms onset to clinical evaluation at 6 months, days 184 182 181 199
Median value (IQR) (169-197) (168-191) | (174-192) | (183-208)
Days from symptoms onset to clinical evaluation at 12 months, days 342 341 342 354
Median value (IQR) (329-352) (328-351) (327-355) (351-367)
Days from symptoms onset to clinical evaluation at 18 months, days 677 672 677 685
Median value (IQR) (672-691) (669-687) (673-692) (665-689)

tients with more severe acute illness, the values
were significantly improved at 18 months for all
the subgroups. More than 50% of patients with se-
vere COVID-19 had abnormal pulmonary function
tests at 18 months with reduced total lung capacity.
The results of the evaluation of pulmonary func-
tion are presented in Table 4. The number of days
of absence from work was significantly higher for
patients on scale 5 or 6 (Table 5). Hospitalization
due to complications related to long COVID-19

symptoms was documented in about 10% of pa-
tients of all subgroups (Table 5). The highest mor-
tality rate was observed in patients who needed
high-flow nasal cannula or mechanical ventilation
during acute illness (4% at 18 months, scale 5-6,
Table 5).

The results of multivariable logistic regression
analysis indicated that increased age (>60 years
old), male gender, unvaccinated, presence of co-
morbidities, eventually diabetes mellitus and in-
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Table 3 - Sequelae symptoms associated with Long-COVID syndrome.

Scale 3 (n=206) Scale 4 (n=611) Scale 5-6 (n=178)
S . (n %) 6 12 18 6 12 18 6 12 18
ymptoms (, 7o months | months | months | months | months | months | months | months | months
At least one symptom 138, 117, 89, 440, 354, 293, 135, 114, 87,
(67%) (57%) (43%) (72%) (58%) (48%) (76%) (64%) (49%)
General Fatigue 107, 66, 43, 330, 177, 134, 121, 64, 57,
symptoms (52%) (32%) (21%) (54%) (29%) (22%) (68%) (36%) (32%)
Headache 4, 2, 2, 24, 18, 18, 11, 9, 7,
(2%) (1%) (1%) (4%) (3%) (3%) (6%) (5%) (4%)
Chest pain 12, 6, 2, 14, 37, 18, 16, 11, ¢,
(6%) (3%) (1%) (7%) (6%) (3%) (9%) (6%) (5%)
Myoskeletal Joint or 95, 64, 41, 293, 177, 128, 132, 73, 48,
system Muscle pains | (46%) (31%) (20%) (48%) (29%) (21%) (74%) (41%) (27%)
Smell/taste Smell 16, 10, 6, 67, 37, 24, 28, 18, 9,
disorders (8%) (5%) (3%) (11%) (6%) (4%) (15%) (10%) (5%)
Taste 12, 8, 6, 16, 37, 18, 20, 16, 11,
disorders (6%) (4%) (3%) (8%) (6%) (3%) (11%) (9%) (6%)
Appetite 21, 14, 4, 67, 16, 24, 32, 25, 9,
disorders (10%) (7%) (2%) (11%) (8%) (4%) (18%) (14%) (5%)
Neuropsychiatric | Brain fog 19, 12, 8, 79, 16, 37, 30, 14, 7,
manifestations (9%) (6%) (4%) (13%) (8%) (6%) (17%) (8%) (4%)
Depression 23, 16, 12, 79, 37, 31, 32, 12, 11,
(11%) (8%) (6%) (13%) (6) (5%) (18%) (7%) (6%)
Sleep 49, 47, 29, 165, 122, 116, 62, 46, 37,
disorders (24%) (23%) (14%) (27%) (20%) (19%) (35%) (26%) (21%)
Cardiovascular Palpitations 23, 14, 8, 98, 55, 18, 25, 12, 9,
system (11%) (7%) (4%) (16%) (9%) (3%) (14%) (7%) (5%)
Skin Hair loss 37, 23, 14, 134, 73, 16, 44, 25, 16,
(18%) (11%) (7%) (22%) (12%) (8%) (25%) (14%) (9%)
Skin rash 8, 6, 2, 18, 12, 6, 9, 5, 2,
(4%) (3%) (1%) (3%) (2%) (1%) (5%) (3%) (1%)

Figure 2
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Table 4 - Evaluation of pulmonary function of COVID-19 patients.

Scale 3 (n=206) Scale 4 (n=611) Scale 5-6 (n=178)
6 12 18 6 12 18 6 12 18
months months months months months months months months months
HRCT Available data n=45 n=42 n=38 n=119 n=104 n=97 n=123 n=114 n=105
findings [ Ground glass | 21, 16, 7, 98, 76, 45, 98, 76, 65,
(n, %) opacity (47%) (38.1%) | (18.4%) | (82.3%) | (73.1%) | (46.3%) | (79.6%) | (66.7%) | (61.9%)
Irregular lines 11, 7, 4, 27, 24, 22, 31, 28, 17,
(24.4%) | (16.7%) | (10.5%) | (22.7%) | (23.1%) | (22.7%) | (25.2%) | (24.6%) | (16.2%)
Consolidation 8, 7, 5, 19, 17, 15, 23, 24, 18,
(17.8%) | (16.7%) | (13%) (16%) (16.3%) | (15.5%) | (18.7%) | (21.1%) | (17.1%)
i‘;;eglobum 18, 11, 6, 31, 22, 21, 37, 29, 22,
S (40%) (26.2%) | (15.8%) (26%) (21.2%) | (21.7%) | (30.1%) | (25.4%) (21%)
Reticular 6, 4, 0 27, 22, 19, 19, 17, 11,
pattern (13.3%) (9.5%) (22.7%) | (21.2%) | (19.6%) | (15.4%) | (14.9%) | (10.4%)
Subpleural 2, 0 0 12, 7, 5, 11, 9, 10,
line (4.4%) (10%) (6.7%) (5.2%) (8.9%) (7.9%) (9.5%)
Distance walked in 6 min, 486 491 539 472 486 519 469 482 516
median value (IQR) (442-525) | (445-533) | (471-574) | (451-518) | (449-529) | (438-539) | (437-509) | (449-519) | (452-526)
Pulmonary | Awailable data n=35 n=32 n=27 n=96 n=94 n=86 n=76 n=54 n=55
function I ppyy <809 5, 3, 1, 12, 8, 4, 11, 8, 8,
EESt; ) of predicted (14.3%) (9.3%) (3.7%) (12.5%) (8.5%) (4.6%) (14.5%) | (14.8%) | (14.5%)
n, 7o
FVC <80% 5, 3, 1, 13, 9, 6 11, 8, 8,
of predicted (14.3%) | (9.3%) (B8.7%) | (13.5%) (9.6%) (6.9%) (14.5%) | (14.8%) | (14.5%)
FEV1/FVC 4, 3, 0 16, 12, 7, 15, 11, 10,
<70% (11.4%) (9.3%) (16.7%) | (12.8%) 8.1%) | (19.7%) | (20.3%) | (18.2%)
TLC <80% 4, 2, 0 29, 25, 19, 35, 32, 29,
of predicted (11.4%) | (6.3%) (30.2%) | (26.6%) | (22.1%) | (46%) | (59.2%) | (52.7%)
DLCO <80 5, 3, 1, 34, 26, 18, 36, 33, 27,
of predicted (142%) | (93%) | (B.7%) | (354%) | 7.7%) | (1%) | (47.3%) | (61.1%) | (49.1%)
Table 5 - Clinical outcome of patients with Long-COVID symptoms.
Scale 3 (n=206) Scale 4 (n=611) Scale 5-6 (n=178)
6 12 18 6 12 18 6 12 18
Months months months months months months months months months
Hospitalization, n (%) 19, 9% 14, 7% 8, 4% 79, 13% 55, 9% 24, 4% 28, 16% 20, 11% 12, 7%
Outpatient visits, n (%) 37,18% | 23,11% 14,7% | 116,19% | 86,14% | 49,8% 37,21% | 27,15% | 18,10%
Death, n (%) 4,2% 2,1% 2,1% 24, 4% 18, 3% 18, 3% 11, 6% 9, 5% 7, 4%
Days of absence
from work B B 5(47) - - 18 (6-23) = - 46 (25-58)

fection with Delta variant are associated with a
higher risk of persistent long-COVID symptoms
(Table 6). Intravenous antiviral treatment with
remdesivir and complete vaccination status were
found to lead to lower rates of Long-COVID (Table

6). Among 995 COVID-19 patients, 280 (28.1%) in-
dividuals had no long-COVID symptoms at 6-, 12-
and 18-months follow-up vistis (Table 7). Demo-
graphic and clinical data were similar with patients
with long-COVID syndrome. However, treatment
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Table 6 - Mulivariable logistic regression analysis. Risk
factors of long-COVID symptoms.

Parameter OR (95% CI) P value
Age, >60 years 1.34 (0.89-01.55) 0.018
Gender, males 1.54 (1.21-2.45) 0.05
Comorbidities 1.35 (1.16-2.65) 0.05
Hypertension 1.24 (1.19-1.59) 0.021
Diabetes Mellitus 2.03 (1.97-2.87) <0.001
Coronary heart disease 1.85 (1.44-1.99) <0.001
(Ciarg(éizter;;f:sone) 098 (0.65-1.09) | 0.022
gstll{"elrrr?ilgseizg‘em 0.74 (0.55-0.87) | <0.001
Complete vaccination status 0.67 (0.35-0.99) <0.001
Omicron variants infection 0.72 (0.42-0.97) <0.001

with antiviral agents, comorbidities such as diabe-
tes mellitus, complete vaccination status and infec-
tion with Omicron variants were found in higher
rates in patients without long-COVID syndrome
supporting the findings of multivariable analysis
(Table 7).

B DISCUSSION

The results of the present study indicate that al-
though longitudinal improvement was observed
in clinical status, radiographic findings and pul-
monary function tests within 18 months after
symptoms onset, the percentage of COVID-19 sur-
vivors with at least one persistent symptom re-
mains high at almost two years after acute illness.
Early administration of antiviral agents and com-
plete vaccination status were associated with low-
er risk of long-COVID symptoms. Male gender
and comorbidities such as diabetes mellitus were
found to increase significantly the risk of long-CO-
VID. The study findings underline the need to ana-
lyze and understand the pathogenesis of long CO-
VID in order to develop management strategies for
prevention and treatment.

Several studies have been conducted in order to
analyze the prevalence and nature of long-COV-
ID-19 [19-27]. A systematic review examining the
frequency and variety of persistent symptoms after
COVID-19 found that 72,5% of patients had at least
one persistent symptom without alternative diag-
nosis [19]. Amultidisciplinary, prospective, popula-

tion-based, observational cohort study examining
the health and health-related behaviours of people
living in the north of the Netherlands, assessed the
longitudinal dynamics of 23 somatic symptoms sur-
rounding COVID-19 diagnoses among 4231 partici-
pants with known SARS-CoV-2 infection [20]. In
12,7% of patients, symptoms such as chest pain, dif-
ficulties with breathing, pain when breathing, pain-
ful muscles, ageusia or anosmia, tingling extremi-
ties and general tiredness, were attributed to COV-
ID-19, as 381 (21,4%) of 1782 COVID-19-positive
participants versus 361 (8,7%) of 4130 COVID-
19-negative controls had at least one of these symp-
toms increased to at least moderate severity at 90-
150 days after COVID-19 diagnosis [20].

A systematic review and meta-analysis including
81 studies found that the proportion of individuals
experiencing fatigue 12 or more weeks following
COVID-19 diagnosis was 0.32 (95% CI, 0.27, 0.37;
p<0.001; n=25,268; 12=99.1%) [21]. The proportion
of individuals with cognitive impairment was 0.22
(95%CI,0.17,0.28; p<0.001; n=13,232;12=98.0) [ 21].
An online survey of people with suspected (diag-
nostic/antibody negative or untested; n=2742) and
confirmed (diagnostic/antibody positive; n=1020)
COVID-19, distributed via COVID-19 support and
social media was conducted from September 6,
2020 to November 25, 2020 and analyzed respons-
es from 3762 participants [22]. For the majority of
respondents (>91%), the time to recovery exceeded
35 weeks [22].

Studies have shown that the vast majority of pa-
tients returned to work after COVID-19 infection,
with patients experiencing severe COVID-19 hav-
ing prolonged time to return to work [23, 24]. CO-
VID-19 patients may need more time for rehabilita-
tion and return to work compared with influenza
patients [25]. A retrospective Nationwide Danish
registry-based cohort study showed that among
7466 patients, 81.9% (6119/7466) and 98.4%
(7344 /7466) returned to work within 4 weeks and 6
months, respectively, with 1.5% (109/7466) not re-
turning [25]. More delayed return to work was doc-
umented among patients admitted to the ICU while
36% (9/25) did not return within 6 months [25].

A systematic review and meta-analysis of six ob-
servational studies involving 536,291 unvaccinat-
ed and 84,603 vaccinated (before SARS-CoV-2 in-
fection) patients (mean age, 41.2-66.6; female, 9.0-
67.3%) and six observational studies involving
8,199 long COVID patients (mean age, 40.0 to 53.5;
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Table 7 - Demographic and clinical data, vaccination status and variants of SARS-CoV-2 among COVID-19 patients
with or without long-COVID syndrome.

COVID-19 patiens (n=995)
With Long-COVID syndrome Without Long-COVID syndrome | P value
n=715(71.9%) n=280 (28.1%)
Age at discharge, years, median value (IQR) 53 (42-65) 54 (43-67) 0.087
Gender n, (%)
Male 378, (52.9%) 152, (54.3%) 0.075
Female 337, (47.1%) 128, (45.7%)
Comorbidities n, (%)
Hypertension 267 (37.3%) 82 (29.2%) 0.001
Diabetes mellitus 215 (30%) 75 (26.8%) 0.001
Coronary heart disease 153 (21.4%) 35 (12.5%) 0.001
Cerebrovascular disease 89 (12.4%) 39 (13.9%) 0.077
Chronic Renal Failure 45 (6.3%) 24 (8.5%) 0.068
Malignancies 69 (9.7%) 32 (11.4%) 0.076
Pulmonary disease 78 (10.9%) 22 (7.9%) 0.055
Severity of acute SARS-CoV-2 infection n, (%)
Scale 3 138, (19.3%) 68 (24.3%) 0.657
Scale 4 442, (61.8%) 169 (60.3%) 0.458
Scale 5-6 135 (18.9%) 43 (15.4%) 0.611
Clinical data
ﬁt{;’ﬁi:{iﬁgg stay, days, 12 (8-32) 11 (7-37) 0.665
Intubation, n (%) 29 (40.6%) 11 (39.3%) 0.874
ﬁiﬁ;‘ﬁzgﬁfgggpltal stay, days, 18 (7-44) 16 (7-46) 0.756
Treatment during hospitalization n, (%)
Corticosteroids 524 (73.2%) 189 (67.5%) 0.657
Antiviral agents 399 (55.8%) 201 (71.8%) 0.001
Antimicrobial agents 512 (71.6%) 219 (78.2%) 0.825
Immunomodulators 198 (27.6%) 75 (26.8%) 0.776
Clinical outcome (at 18 months)
Death, n (%) 37 (5.2%) 5 (1.7%) 0.001
5{1}:1; avzfzgcag%n work 18 (6-56) 11 (4-35) 0.001
Vaccination status n, (%)
Unvaccinated 247 (34.5%) 41 (14.6%) 0.001
Complete vaccination status 321 (44.9%) 202 (72.1%) 0.001
Variant of SARS-CoV-2 n, (%)
Delta variant 390 (54.6%) 90 (32.2%) 0.001
Omicron variants 325 (45.4%) 190 (67.8%) 0.001
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female, 22.2-85.9%) who received vaccination after
SARS-CoV-2 infection revealed that COVID-19
vaccination before SARS-CoV-2 infection was as-
sociated with a lower risk of long COVID [26].
Multicenter observational studies comparing vac-
cinated COVID-19 patients with unvaccinated, a
lower incidence of long COVID was reported
among vaccinated patients through 28- to 180-day
follow-up [27, 28]. The findings of our study sup-
port the positive effect of vaccination on reducing
the prevalence of long-COVID symptoms.

A retrospective, propensity-score-matched case—
control study demonstrated that early therapy
with monoclonal antibodies or antivirals against
acute SARS-CoV-2 infection reduces the risk of oc-
currence of long COVID (11% vs 34% in untreated
patients; p=0.001) [30]. In our study, similar find-
ings were reported, as antiviral treatment was sig-
nificantly associated with lower risk of experienc-
ing long-COVID.

The strengths of our study are the adequate sample
size and the longitudinal design with a long fol-
low-up. One limitation of the study is the absence
of control group for comparison of our findings
with the general population, non-hospitalized CO-
VID-19 patients and/or patient who never report-
ed COVID-19 disease. Additionally, due to the
study period, there are patients infected with dif-
ferent variants of SARS-CoV-2 (Delta or Omicron)
and the effect of complete vaccination scheme with
booster doses, treatment with the oral antiviral
agent nirmatrelvir /ritonavir and breakthrough in-
fections or re-infections was not studied.

B CONCLUSIONS

Long COVID is a multisystemic illness with persis-
tent symptoms from all organ systems affecting
the quality of life of millions of individuals world-
wide. More than 50% of COVID-19 survivors expe-
rience at least one symptom 2 years after acute ill-
ness. Data about the prevalence, pathogenesis, di-
agnostic approach and clinical management are
insufficient, and more studies in larger patient se-
ries are vital in order to identify the underlying
biological mechanisms and create effective inter-
ventions for prevention and treatment.
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